die from systemic disease other than intracranial failure, especially in those already with extracranial lesions at the time of BM. Even for those without extracranial metastasis, considering that BM is a type of hematogenous metastasis, patients are at risk of distant dissemination when BM occurs. As a result, many pilot studies, mostly conducted with NSCLC patients, have explored the efficacy of systemic therapy after the completion of radiotherapy. The results from retrospective studies support the application of subsequent systemic therapy because it was found to cause a survival benefit in BM patients. [4] [5] [6] Unfortunately, this result failed to be validated by most prospective studies. [7] [8] [9] [10] The reasons for the negative results might be complicated. However, we assumed that the efficacy of systemic therapy is probably confined to certain populations. Radiation Therapy Oncology Group recursive partitioning analysis (RTOG-RPA) and graded prognostic assessment (GPA) are both important indexes that have been used for the prognosis evaluation of patients with BM. [11, 12] Based on age, Karnofsky performance status (KPS), the number of intracranial lesions, and the presence of extracranial metastasis, BM patients were classified into three or four prognostic groups. It was observed that variables recruited by the indexes were also considered by physicians when systemic therapy was considered. Hence, we assumed that RTOG-RPA and GPA might also be useful to identify populations that could benefit from subsequent systemic therapy after the completion of radiation therapy. To further clarify the hypothesis, we conducted this retrospective study in patients with NSCLC.
mEthods

Ethical approval
The study protocol was reviewed and approved by the Institutional Review Boards and Ethics Committees of the Beijing Tiantan Hospital affiliated with Capital Medical University and the Tianjin Medical University Cancer Institute and Hospital. All patients provided informed consent before their inclusion in the study according to the Declaration of Helsinki.
Inclusion criteria
Patients who were diagnosed with NSCLC and had documented BMs were selected from the database of two hospitals. Other inclusion criteria were as follows: (1) the primary disease was confirmed by pathology; (2) no sign of secondary malignancy was documented during the follow-up; (3) BM was documented by magnetic resonance imaging and/or computed tomography with contrast; (4) extracranial disease was evaluated at the time of BM; and (5) the medical records of post-BM therapy were complete.
Postbrain metastasis treatment and follow-up
There was a consultation committee that included experts from two hospitals to coordinate the treatment strategies. The SRS dose was prescribed in accordance with the tumor margin. Metastases with a maximum diameter of up to 2 cm were treated with doses of 22-25 Gy in 1-5 fractions, and those larger than 2 cm were treated with doses of 18-20 Gy in 1-5 fractions. The WBRT dosage schedule was 30 Gy in 10 fractions over 2-2.5 weeks. After the completion of radiotherapy, 4-6 cycles of systemic therapy were recommended routinely by physicians within a month when patients were deemed qualified (KPS was reevaluated before systemic therapy). If tyrosine kinase inhibitors (TKIs) were considered, they would be continued to disease progression or intolerance. The baseline assessments were repeated at the completion of planned therapy and then every 3 months for the first 2 years and every 6 months for the next 3 years.
Statistical analysis
IBM SPSS Statistics 19.0 software (SPSS Inc. and IBM Company, Armonk, New York, USA) was used for data analysis. Cox regression was used for multivariate analysis to identify independent factors for post-BM survival (PBMS). The proportional hazards of factors recruited in the Cox regression model were checked by log-rank test. PBMS was determined from the date of documented BM to the date of death or last follow-up visit. Further analyses were conducted in subgroups stratified according to clinical factors, including RTOG-RPA and GPA, to compare the risk of mortality between radiotherapy followed by systemic therapy and radiotherapy alone. A P < 0.05 was used as the criterion of statistical significance, and all statistical tests were two sided. 
rEsults
Patient characteristics
Multivariate analysis of variables associated with postbrain metastasis survival
The median time of follow-up after BM was 7 months (range: 1-74 months). Multivariate analysis found that clinical variables such as the presence of extracranial metastasis and KPS were independent factors for PBMS. Those who had extracranial metastasis (hazard ratio [HR] = 3.970, 95% confidence interval [CI ] = 1.757-8.970, P = 0.001) or lower KPS (<70) (HR = 5.338, 95% CI = 2.829-10.072, P < 0.001) had a significantly higher risk of death. There was a tendency that older patients with BM had a higher risk of mortality, but the difference was not significant (HR = 1.022, 95% CI = 0.997-1.047, P = 0.091). The number of intracranial lesions was not found to be an independent factor when analyzed between those with 1 lesion and 2-3 lesions or between those with 1 lesion and more than 3 lesions. Other variables, including gender, histology, and smoking status, were not found to have an association with PBMS. Although age and the number of intracranial lesions were not found to be independent factors of PBMS, RTOG-RPA and GPA were still valuable for prognosis assessment in patients with BM. In our cohort, the median PBMS rates for RTOG-RPA Classes I-III were not reached, 27 months and 5 months, respectively (P < 0.001). The median survival times according to the GPA score were as follows: GPA 0-1: 12 months, GPA 1.5-2.5: 24 months, GPA 3: 27 months, and GPA: 3.5-4.0, not reached (P < 0.001).
In terms of treatment, cranial surgery was not found to have an association with PBMS, while radiation technique was an independent factor of PBMS. In terms of radiation technique, those who received SRS had a significantly lower risk of death than those who received WBRT (HR = 0.462, 95% CI = 0.238-0.849, P = 0.022). Otherwise, the risk of death was comparable between those who received WBRT and those who received WBRT plus SRS. In terms of treatment strategy, those who received both radiotherapy and systemic therapy had a significantly lower risk of death than those who received radiotherapy alone (HR = 0.361, 95% CI = 0.202-0.648, P = 0.001), whatever systemic therapy was TKI therapy (HR = 0.389, 95% CI = 0.190-0.797, P = 0.010) or conventional chemotherapy [HR = 0.350, 95% CI = 0.169-0.728, P = 0.005; Table 2 ].
Role of systemic therapy in the patient subgroups
To further explore the role of additional systemic therapy, additional analyses were conducted in subgroups stratified according to clinical variables. It was found that, if TKIs were chosen as postradiation systemic therapy, the risk of death could be significantly reduced in patients who were female (HR = 0.328, 95% CI = 0.125-0. If patients were stratified according to RTOG-RPA and GPA, it was shown that TKIs could significantly reduce the risk of death in patients classified as RTOG-RPA Class II (HR = 0.411, 95% CI = 0.183-0.923, P = 0.031) or with a GPA score of 1.5-2.5 (HR = 0.420, 95% CI = 0.182-0.968, P = 0.042). However, none of the subgroups stratified according to RTOG-RPA or GPA was found to benefit from additional conventional chemotherapy.
dIscussIon
In this study, we explored the role of RTOG-RPA and GPA in identifying patients with BM who may benefit from systemic therapy after the completion of radiotherapy. As a result, we found that patients classified as RTOG-RPA Class II or with a GPA score of 1.5-2.5 achieved a significant reduction in the risk of death when TKIs were applied as postradiation systemic therapy. However, none of the subgroups of RTOG-RPA or GPA was found to benefit from conventional chemotherapy after the completion of radiotherapy.
Studies from RTOG found that variables such as age, extracranial metastasis, KPS, and the number of intracranial lesions were independent factors of survival in patients with BM. [1, [11] [12] [13] In addition, the prognostic significance of these variables was validated in the NSCLC setting. [1] KPS is an important variable that is considered by physicians when anticancer therapy is indicated. Numerous Phase III trials have confirmed the superiority of first-line systemic therapy over best supportive care for patients with metastatic NSCLC who have a good performance status (PS 0-1). In addition, a Cochrane review demonstrated a survival benefit. Considering that almost half of the patients in our cohort developed BM heterogeneously, second-line or beyond systemic therapy was applied. At least in the second-line setting, there is also evidence that survival benefit was confined in those with good PS. Hence, in patients with PS 0-1, systemic therapy has been the strong recommendation of American Society of Clinical Oncology clinical practice of metastatic NSCLC. [14] In patients with PS 2, combination or single-agent chemotherapy was also recommended. However, the strength was weak. Data from our study showed that, although both TKIs and chemotherapy could significantly reduce the risk of mortality of BM patients, there was a difference between groups stratified according to KPS status. In patients who received TKIs as postradiation therapy, only those BM patients with better PS (KPS ≥70) achieved a significant reduction in the risk of death from subsequent systemic therapy. Even in patients receiving conventional chemotherapy, the survival benefit was marginal in those with a better PS. However, in patients with a poorer PS (KPS <70), additional systemic therapy provides no survival benefit. Thus, we believed that KPS was an important indicator in the clinical decision-making of systemic therapy in patients with BM.
The presence of extracranial lesions was another independent prognostic factor of survival in patients with BM. Furthermore, we found that, in BM patients with extracranial lesions, both subsequent conventional chemotherapy and TKI therapy could significantly reduce the risk of mortality. However, in patients without extracranial lesions, the risk of mortality was unchanged with subsequent systemic therapy. In clinical practice, the presence of extracranial lesions seems to be the strongest indicator for systemic therapy in patients with BM after the completion of radiotherapy. However, there is still a lack of evidence from randomized studies. Several Phase II studies have explored the efficacy of systemic therapy when combined with radiotherapy in patients with BM. The patients included in these studies had heterogeneous histology, with lung cancer being the most common. Temozolomide and TKIs were frequently used in combination with radiotherapy. Although the response rate and local control rate were improved, OS was not prolonged significantly. [7, 9, 10] The reasons for the negative results might be complicated. However, we found that the proportion of patients with extracranial lesions ranged from 39% to 56% in these studies. Combined with our findings, it was deduced that those without extracranial lesions might compromise the survival benefit of combination therapy because they did not obtain a survival benefit from additional systemic therapy. A Phase II study with positive findings that compared the efficacy of WBRT alone or WBRT plus erlotinib in BM patients with lung adenocarcinoma was conducted by Zhuang et al. [15] In that study, 87% of the included patients had extracranial metastasis. As a result, patients treated with combination therapy had a significantly longer overall survival than those treated with radiotherapy alone. In addition, multivariate analysis found that erlotinib was an independent factor of OS. Based on these results, there is a rationale that systemic therapy should be administered in BM patients with extracranial metastasis after the completion of radiotherapy. However, the optimal systemic therapy regimen still needs further exploration. Furthermore, in patients without extracranial metastasis, it seems that postradiation systemic therapy is unnecessary.
Age and the number of intracranial lesions were two other independent factors that were identified by RTOG studies. Unfortunately, probably due to the smaller sample number, they were not verified in our cohort. In NSCLC patients with Stage IV disease (without BM), multiple trials did not identify age as an independent predictor of survival and pretreatment risk factor for either the tolerance or response to treatment with cytotoxic therapy. [16, 17] The guideline for chemotherapy for Stage IV NSCLC strongly supports treatment based on the functional status and comorbidity. In our cohort, bivariate analysis found that age has a negative correlation with KPS (P = 0.019, correlation coefficient = 0.160). In addition, the number of intracranial lesions was positively correlated with the presence of extracranial lesions (P < 0.001, correlation coefficient = 0.268). Hence, although we found that only select patients (those younger than 60 years or with >3 intracranial lesions) could benefit from subsequent systemic therapy, the results should be considered carefully.
In addition to the variables mentioned above, we found that TKIs could significantly reduce the risk of mortality in those who were female, were nonsmokers, or had adenocarcinoma histology or EGFR mutations. Former studies have been proven that treatment with TKIs is most effective in female patients, those who have never smoked, those with adenocarcinoma histology, and those of Asian origin. In these populations, TKIs were associated with favorable efficacy. [18, 19] The results from the IPASS study also found that TKI therapy is superior to conventional chemotherapy as an initial treatment for pulmonary adenocarcinoma among nonsmokers or former light smokers in eastern populations. [20] Currently, it is well known that the dramatic efficacy of TKIs shown in these populations is due to the higher prevalence of EGFR mutations, even in patients with BM. [21] [22] [23] Furthermore, EGFR was proved to be another independent factor instead of original four factors used in the GPA index. Adenocarcinoma patients with EGFR mutation had better prognosis than those with wild-type EGFR. [24] Besides, in patients with EGFR mutation, survival was improved only for TKIs-naïve patients compared with those who previously received and failed TKIs. [25] Combined with our findings, in BM patients with known EGFR mutations, TKI therapy was one of the main options. However, if the EGFR mutation status was not available, variables such as gender, smoking history, and histology were also useful indicators for the decision-making of TKI treatment.
RTOG-RPA and GPA are both valuable prognostic indexes for patients with BM. In addition, factors recruited by the index are considered when systemic therapy is indicated. Consequently, it might be more appropriate to weigh the application of systemic therapy based on all these factors at the same time. We found that, if BM patients were grouped by RTOG-RPA, only those with RTOG-RPA Class II could benefit from subsequent systemic therapy. However, none of the subgroups of GPA achieved a significant reduction of mortality from subsequent systemic therapy. However, if stratification was conducted according to systemic agent, TKIs were found to significantly reduce the mortality of patients in RTOG-RPA Class II or with a GPA score of 1.5-2.5. However, conventional chemotherapy could not improve the prognosis of any subgroup of RTOG-RPA or GPA. Another retrospective study conducted in 101 breast cancer patients performed a similar analysis. [5] They found that systemic therapy could bring a survival benefit in RTOG-RPA Class II/ III patients. In terms of GPA, patients were grouped into breast-GPA 0-2.0 and breast-GPA 2.5-4.0. In addition, the survival benefit brought by combination therapy reached the marginal significance in breast-GPA 0-2.0 (P = 0.051). In contrast to that of NSCLC patients with BM, only KPS was an independent factor of survival in BM patients with breast cancer. Thus, the role of RTOG-RPA and GPA in identifying patients who would benefit from systemic therapy may be different among malignancies. At least in BM patients with NSCLC, those with a medium risk according to RTOG-RPA or GPA could obtain a survival benefit from TKI therapy. However, in NSCLC patients receiving conventional chemotherapy, RTOG-RPA or GPA seems to be important to identify beneficial populations.
It should be noticed that the sample of patients other than RTOG-RPA Class II or GPA 1.5-2.5 was relatively small, which may contribute to the negative findings. In addition, the RTOG-RPA and GPA assessment systems were developed from BM patients receiving radiation therapy. They might not be the most proper algorithms for predicting the prognosis of patients receiving systemic therapy, especially when conventional chemotherapy is applied. Furthermore, a recent randomized study indicated that WBRT provided little clinical benefit compared with optimal supportive care in NSCLC patients with BM, indicating that WBRT might be omitted from future clinical practice. [26] Thus, better prognostic factors of systemic therapy should be explored in those receiving systemic therapy alone or, perhaps, systemic therapy plus SRS.
In this study, we explored the role of variables presented at the time of BM in identifying NSCLC patients with BM who may benefit from subsequent systemic therapy after the completion of radiotherapy. As a result, we found that the benefit of subsequent systemic therapy was confined to patients with a better PS or with extracranial metastasis. If patients were stratified according to RTOG-RPA or GPA, only those in RTOG-RPA Class II or with a GPA score of 1.5-2.5 obtained a benefit from TKI systemic therapy. These findings are useful for tailoring future studies concerning systemic therapy in NSCLC patients with BM.
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